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a tibial osteotomy has to be made perpendicular to the tibial 
axis or within 3
o in either varus or valgus alignment
1,2). In reality, 
however, a normal tibial osteotomy often results in a varus 
cutting. Han et al.
3) reported that an axis drawn from the center 
of the tibial plateau was not identical to the anatomical axis of 
the tibia in knock knees, resulting in a varus osteotomy. Cho
4) 
suggested that the point where the tibial axis and the articular 
surface meet should be used as a reference point in knees with 
varus deformity to avoid varus osteotomy.
  In this study, we investigated whether the lateral intercondylar 
eminence can be used as a reference for proximal tibial osteotomy 
during TKA based on the fact that an extension of the tibial shaft   
axis that extends from the proximal 1/3rd to the distal 1/3rd at 
the center of the tibia tends to pass through the eminence. Our 
hypothesis was that radiological and clinical results of TKA 
would be more satisfying in the experimental group where the 
lateral eminence was used as a reference for tibial osteotomy 
compared to that in the control group where the center of the 
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Purpose: When there is a varus deformity in proximal tibia, the extension of a tibial shaft axis tends to pass through the lateral intercondylar 
eminence. A prospective randomized study was conducted to fi  nd out whether the lateral eminence of tibia could serve as a reference point for 
proximal tibial osteotomy during total knee arthroplasty and results from 6-years follow up period were reported.
Materials and Methods: Forty-six patients (50 knees) who received total knee replacement arthroplasty from April to December 2004, were 
randomly divided into two groups. For a proximal tibial osteotomy, the proximal tibial reference point was located at the center of intercondylar 
eminence for group I and at the lateral eminence for group II and subsequently, the results were evaluated. Radiologic indices were the angles between 
the axis of the prosthesis and the mechanical/shaft   axes of tibia and angle of the prosthesis in sagittal plane. Clinical indices were pain and function 
score of American knee society, functional score of Hospital for Special Surgery and range of knee joint motion. 
Results: Th   e angles between the axis of the prostheses and the mechanical/shaft   axes of tibia were varus 1.64
o/2.12
o in group I and valgus 0.57
o/0.38
o 
in group II (p=0.589/p=0.558). Th   ere were 6 cases of outliers (27.2%) in group 1 and 3 cases (15.0%) in group 2. Th   ere was a signifi  cant diff  erence in 
the pain score between group I (82.9) and II (91.4) (p=0.032), respectively.
Conclusions: By moving the reference point of proximal tibial osteotomy laterally, lower incidence of outlier and residual varus deformity could be 
achieved. 
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Introduction
  Proper implant insertion and alignment are important factors 
for good clinical results and long-term survival of total knee arthro-
plasty (TKA). To obtain correct alignment of tibial component, 
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intercondylar eminence was used as a reference. Th   is study is a 
prospective and randomized study with 6 years of follow-up.
Materials and Methods
  Forty-six patients (50 knees) who underwent TKA from April 
to December in 2004, were randomly divided into two groups. 
Informed consent was obtained from all the patients before 
surgery. For proximal tibial osteotomy, an extramedullary tibial 
cutting guide was centered over the intercondylar eminence in 
group I and the lateral eminence in group II (Figs. 1, 2). At the 
ankle, the guide was placed over the center of the talus 3 to 5 
mm medial to the midpoint of the ankle. In group I, there were 
21 females (23 cases) and 2 males with a mean age of 72.2 years 
and 23 cases of osteoarthritis and 2 cases of rheumatoid arthritis. 
In group II, there were 20 females (22 cases) and 3 males with a 
mean age of 71.1 years and 22 cases of osteoarthritis, 2 cases of 
rheumatoid arthritis, and 1 case of osteonecrosis (Table 1). In 
group I, the prosthesis used was PFC-sigma (Depuy, Warsaw, IN, 
USA) in 18 cases and Scorpio (Osteonics, Allendale, NJ, USA) in 
7 cases. In group II, PFC-sigma was used in 17 cases and Scorpio 
in 8 cases. Th   e surgery was performed by the same surgeon in all 
the cases.
  For clinical assessment, the pre- and postoperative pain and 
function score of the American knee society, functional score 
of the Hospital for Special Surgery (HSS), and range of joint 
motion were measured and compared between the groups. 
For radiological assessment, the angles between the axis 
Fig. 1. Th   e proximal reference point of group I was located at the center of intercon-dylar eminence.
Fig. 2. Th   e proximal reference point of group II was located at the lateral intercondylar eminence.Knee Surg Relat Res, Vol. 23, No. 4, Dec. 2011    199
perpendicular to the tibial prosthesis and the mechanical/shaft 
axes of the tibia were measured on the full-length anteroposterior 
radiographs after surgery (Fig. 3). The radiographs were taken 
with the knee in full extension and the patella centered between 
the femoral condyles facing forward under full weight bearing. 
The mechanical axis was defined as a line between the center 
of the femoral head and the center of the ankle on the full-
length anteroposterior radiographs. The tibial component 
angle in sagittal plane (δ angle) was measured according to 
the American Knee Society’s radiographic evaluation system. 
Three of the authors measured angle using the PACS PiView 
Star (ver. 5.0, INFINITT, Seoul, Korea) excluding one of them 
who performed the surgery thrice. Th   e median value was used 
for analysis. The sample size was calculated using G-power 
(sample size, 42; level of significance, 0.05; effect size, 0.8; and 
power, 0.80) and an independent sample t-test (SPSS ver. 12.0, 
SPSS Inc., Chicago, IL, USA) was used for statistical analysis. 
Inter- and intraobserver agreement was assessed using both, the 
interclass correlation coefficient and the intraclass correlation 
coeffi   cient. At 6 years aft  er surgery, 42 cases excluding 8 that were 
lost to follow-up due to death or nonresponse were available for 
postoperative assessments. Clinical and radiological assessments 
were performed at the follow-up visit in 36 cases (20 cases in 
group I and 16 cases in group II), whereas clinical assessment was 
performed in only 6 cases (2 cases in group I and 4 cases in group 
II) via telephone interview. 
Results
  The mean angles between the axis perpendicular to the 
prosthesis and the mechanical/shaft axes of the tibia were not 
signifi  cantly diff  erent between the groups with 1.64
o±3.2
o of varus 
(range, 2.96
o varus to 3.83
o valgus) and 2.12
o±4.1
o of varus (range, 
5.11
o varus to 3.23
o valgus) in group I and 0.57
o±0.6
o of valgus 
(range, 1.49
o varus to 2.21
o valgus) and 0.38
o±2.2
o of valgus (range, 
4.79
o varus to 4.10
o valgus) in group II (p=0.589, 0.558). The 
mean sagittal tibial component angle (δ angle) was 85.1
o±4.8
o 
(range, 83.1
o to 88.0
o) in group I and 86.9
o±11.3
o (range, 81.5
o to 
87.6
o) in group II (p=0.509) (Table 2). Th   e interclass correlation 
coefficient of the angles with the mechanical/shaft axes of the 
tibia was 0.92 and 0.89, respectively. The intraclass correlation 
coefficient was high: 0.85 and 0.91 for the 1st examiner, 0.91 
and 0.94 for the 2nd examiner, and 0.88 and 0.94 for the 3rd 
examiner. Th   ere were 6 cases of outliers (more than 3
o of varus or 
valgus) relative to the mechanical axis of the tibia (27.2%, varus in 
5 cases and valgus in 1 case) in group I and 3 cases (15.0%, varus 
in 2 cases and valgus in 1 case) in group II. The preoperative 
alignment of the 6 cases in group I was 17.0
o varus, 5.5
o valgus, 9.3
o 
varus, 11.6
o varus, 2.9
o varus, and 13.5
o varus, respectively, and 
the value of the 3 cases in group II was 4.8
o varus, 15.8
o varus, and 
0.7
o varus, respectively. Loosening and subsidence of the tibial 
component were observed in a single case in group I (Fig. 4).
Table 1. Demographic Characteristics of Subject Groups
Group 1 (22 cases) Group 2 (20 cases) p-value
Age (y) 72.0±0.7 (59-84) 73.9±0.6 (59-82) 0.603
Pain score
a) 49.6±14.8 (3-89) 50.3±23.3 (8-89) 0.172
Function score
a) 35.1±7.0 (-10-70) 37.0±3.5 (0-60) 0.092
HSS  62.9±10.6 (31-84) 60.8±25.5 (36-80) 0.437
Alignment of knee varus 10.1
o±1.2
o (varus 21.4
o-valgus 8.2
o) varus 8.95
o±2.5
o (varus 17.2
o-valgus 5.3
o) 0.131
Range of motion 94.1
o±16.0
o (70
o-140
o) 90.8
o±8.3
o (80
o-140
o) 0.524
HSS: Hospital for Special Surgery.
a)American Knee Society Score. 
Fig. 3. Th   e angles between the axis of the prostheses and the mechanical 
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  In case of the clinical assessment, the pain score was signifi  cantly 
higher in group I with 91.4±9.1 points (range, 82 to 100 points) 
when compared to 82.9±4.7 points (range, 52 to 92 points) in 
group II (p=0.032). Regarding the functional score, no signifi  cant 
diff  erence was observed between the groups with 77.8±10.6 points 
(range, 55 to 100 points) in group I and 83.7±21.2 points (range, 
60 to 100 points) in group II (p=0.655). The HHS functional 
score was not significantly different between the groups with 
89.0±5.1 points (range, 73 to 100 points) in group I and 90.5±9.8 
points (range, 73 to 100 points) in group II (p=0.598). Th  ere  was 
no statistically signifi  cant diff  erence in the range of motion with 
94.1
o±16.0
o (range, 70
o to 140
o) preoperatively and 117.3
o±24.7
o 
(range, 105
o to 145
o) postoperatively in group I and 90.8
o±8.3
o 
(range, 80
o to 140
o) preoperatively and 112.8
o±10.8
o (range, 100
o 
to 140
o) postoperatively in group II (p=0.137) (Table 3).
Discussion
  Most of the Korean patients who are candidates for TKA 
have genu valgum deformity, especially medial curvature of 
the proximal tibia combined with deformity of proximal tibial 
varus. In such cases, positioning the proximal center of an 
extramedullary guide at the center of the intercondylar eminence 
is likely to result in a varus osteotomy. In our present study, aft  er 
confirming the safety and efficacy of the method used in the 
cadaver study of Nam et al.
5) we carried out more valgus tibial 
osteotomy compared to the conventional methods by moving the 
center of the tibial osteotomy to the lateral eminence of the tibia 
that was in the extension of the tibial shaft   axis and were able to 
obtain more stable alignment without damaging the mechanical 
axis. 
  In case of the radiographic assessment performed at the 6th 
postoperative year, the angles between the perpendicular line 
to the prosthesis and the mechanical/shaft   axes were within the 
range of normal varus osteotomy in group I and close to 0
o in 
group II, although the diff  erences between the groups were not 
statistically significant. The incidence of outliers was lower in 
group II. Although no significant difference could be observed 
Table 2. Comparison of the Radiographic Results 
Group 1 Group 2 p-value
Alignment of tibia prosthesis based on 
mechanical axis
Varus 1.64
o±3.2
o (varus 2.96
o-valgus 3.83
o) Valgus 0.57
o±0.6
o (varus 1.49
o-valgus 2.21
o) 0.589
Alignment of tibia prosthesis based on shaft   axis Varus 2.12
o±4.1
o (varus 5.11
o-valgus 3.23
o) Valgus 0.38
o±2.2
o (varus 4.79
o-valgus 4.10
o) 0.558
δ angle
a) 85.1
o±4.8
o (83.1
o-88.0
o) 86.9
o±11.3
o (81.5
o-87.6
o) 0.509
a)Knee Society radiographic evaluation system.
Fig. 4. Postoperative 5 years anteroposterior (A) and lateral (B) radio-
graphs of sixty eight female patients showing sinking of tibial component 
and osteolysis around tibial prosthesis.
Table 3. Comparison of the Clinical Results 
Group 1 Group 2 p-value
Pain score
a)   82.9±4.7 (range, 52-92)   91.4±9.1 (range, 82-100) 0.032
Function score
a) 77.8±10.6 (range, 55-100) 83.7±21.2 (range, 60-100) 0.655
HSS   89.0±5.1 (range, 73-100)   90.5±9.8 (range, 73-100) 0.598
Range of motion 117.3
o±24.7
o (range, 105
o-145
o) 112.8
o±10.8
o (range, 100
o-140
o) 0.137
HSS: Hospital for Special Surgery.
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due to the small sample size, the presence of varus deformity aft  er 
surgery was lower and the alignment was better maintained in 
group II.
  With respect to clinical assessment, no significant difference 
was found between the groups regarding 3 of the 4 indices. 
Th   e pain score was higher in group II. We attributed this to the 
signifi  cantly lower than average scores of the 2 cases in group I: 
one with tibial implant subsidence due to loosening and the other 
with poor systemic condition. 
  Postoperative component alignment has been known as a 
crucial factor in the clinical results and longevity of TKA
1,2,6,7). 
Correction of deformity and knee alignment is especially 
important in cases of knees with varus deformity. Unfortunately, 
severe pre-operative deformity has been associated with post-
operative malalignment
8,9). Lotke and Ecker
10) reported that 
proper knee alignment aft  er TKA was 3
o-7
o of valgus relative to 
the tibiofemoral angle and Teeny et al.
11) reported that alignment 
between 3
o of varus and 3
o of valgus relative to the mechanical 
axis was acceptable. Varus tibial component positioning after 
varus osteotomy leads to an increase in stress in the medial 
side of the knee, which may eventually result in early failure of 
TKA
12,13).
  An attempt to avoid varus osteotomy may result in excessive 
valgus osteotomy. It has been reported that severe resection of 
the lateral tibial condyle caused by excessive valgus osteotomy 
can affect implant fixation and lead to subsidence in the long-
term
14-16). However, these complications were not observed in 
our patients, who underwent more valgus osteotomy; tibial 
component subsidence was observed in a single case in which 
the center of the intercondylar eminence was used as a reference 
for tibial osteotomy. In the meantime, movements of a cutting 
guide, differences between intramedullary and extramedullary 
alignment jigs
17) and between open and slotted cutting guides 
can also affect treatment results
18,19). Recently, navigation-
assisted TKA and robot-assisted TKA designed to reduce errors 
of tibial osteotomy and obtain correct alignment have been 
introduced and addressed in many studies. Favorable results were 
documented in the studies carried out by Bellemans et al.
20) using 
Robodoc and Mizu-Uchi et al.
21) using a computed tomography-
based navigation system. However, Won et al.
22) reported that 
the incidence of outliers was 6% in their study of TKA using an 
electromagnetic navigation. Bae et al.
23) suggested the need to 
be cautious with navigation-assisted TKA in knees with varus 
deformity based on their observation that the postoperative 
mechanical axis was more significantly varus in patients with 
20
o-30
o of preoperative varus deformity than those with 10
o-20
o 
of preoperative varus deformity. In addition, navigation-assisted 
TKA is an expensive surgery. Th   erefore, it is our understanding 
that our method that requires a slight modification of the 
conventional methods would be more helpful in obtaining 
stability and correct tibial component alignment in patients with 
severe varus deformity. 
  Th   e limitations of the present study include: 1) the number of 
cases was small and even some of them were not available for 
follow-up, which might have affected the study results; 2) the 
possibility of lateral subsidence of tibial component in patients 
with the lateral eminence used as a reference for tibial osteotomy 
has yet to be assessed in the long-term follow-up; and 3) 
additional comparative studies using intramedullary alignment 
jigs or navigation-assisted techniques were not conducted.
Conclusions 
  At 6 years after total knee arthroplasty, the tibial component 
alignment was within the acceptable range in both, group I (the 
center of the intercondylar eminence was used as a reference 
for tibial osteotomy) and group II (lateral eminence was used 
as a reference for tibial osteotomy). Although no statistically 
significant difference was observed, tibial osteotomy was more 
varus and the incidence of outliers (>3
o in either varus or 
valgus) was lower in group II. Th   e results of our study need to be 
confi  rmed through further studies including a larger sample size 
and long-term follow-up.
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